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Abstract The ‘‘Wallacean shortfall’’—lack of distribu-
tional information—is one of the main problems when
trying to assess the threats to and planning conservation
strategies for many invertebrate species. Based on pub-
lished and unpublished records since 1840, as well as on
our own field survey, we attempted to estimate if and to
what extent the use of pheromone traps increased the
detectability of a rare, saproxylic click beetle Elater
ferrugineus. The significant increase in the number of
records in 2011–2013 shows that the pheromone method
made it much easier to detect the occurrence of the species.
Advantages of the pheromone method are that it does not
disturb the habitat, can be used by non-specialists, is less
costly and less time-consuming, and thus providing a
useful tool for conservation research (studying biology,
ecology and genetics of local populations).
Keywords Pheromone  Kairomone  Saproxylic insects 
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Introduction
One of the most important problems faced by conservation
biologists is insufficient knowledge of distribution of spe-
cies, not only at the global, but also regional or even local
level. The problem, termed the Wallacean shortfall
(Lomolino 2004), is especially grave in the case of inver-
tebrates which, in spite of their vast diversity and
unquestionably great significance in ecosystems, are to a
large extent ignored in conservation studies (Cardoso et al.
2011a). The fact that, compared to vertebrates and flow-
ering plants, they are rarely used for the assessment of
biodiversity and for identifying areas that require protec-
tion, is usually explained by the time-consuming invento-
ries, high cost and limited number of specialists. Methods
of rapid biodiversity assessment, developed in the last
decades and based on morphospecies or recognisable
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taxonomic units (RTU), in which the species richness is
estimated without detailed systematic analysis (e.g. Oliver
and Beattle 1993; Obrist and Duelli 2010), are supposed to
help to overcome such problems. Such studies however
deprive us of very valuable information on the occurrence
of individual taxa. At the same time, in the case of inver-
tebrates distributional information is usually the only cri-
terion that can be used to assess the extinction risk of a
species according to the international criteria (IUCN 2001,
2012, 2014), since data on the population size and abun-
dance trends, as well as on the biology and ecological
requirements, are usually very scanty or lacking (Cardoso
et al. 2011b). Though the presence of rare and/or endan-
gered species does not necessarily guarantee the repre-
sentation of overall species diversity (Bonn et al. 2002),
they may provide an important basis for the decision in
systematic conservation planning (Margules and Pressey
2000). At the same time the problem of ‘‘Wallacean
shortfall’’ pertains especially to this group of taxa because
of their low detectability in the field, resulting in turn in a
small number of records. The species rarity may result
either from its small densities in the field, or small effi-
ciency of the selected method of survey. In either case
detecting of the species may require increased effort which,
in the case of standard, non-selective methods of inverte-
brate inventory, often based on collecting large samples,
may turn out to be unprofitable. For this reason rare species
require using more selective methods which increase the
probability of their detection. One of the most effective
methods of this kind is the use of pheromones or other
semiochemicals as attractants. The method has been for a
long time used in detection, monitoring and control of pest
insects (Kehat and Dunkelblum 1993; Welter et al. 2005;
Nadel et al. 2012), including introduced invasive species
(Crook et al. 2008; Byers and Naranjo 2014). As demon-
strated in recent studies, species-specific and sensitive
pheromone-bait traps can be especially useful to detect
low-density populations (e.g. Johnson et al. 2006; Kikkert
et al. 2006), which makes them an excellent tool for
detection of rare and/or endangered species. Despite this,
the interest in a wider application of this method in insect
conservation and biodiversity studies is still marginal.
Pheromones of only few insect species have been identified
for future use in the biodiversity conservation (Larsson
et al. 2003; Tolasch et al. 2007; Millar et al. 2010; Harvey
et al. 2011). Three of them are European red-listed sapr-
oxylic beetles (Nieto and Alexander 2010).
Saproxylic beetles are especially difficult to inventory.
Standard methods, such as window trapping, pitfall trap-
ping or wood mould sampling (Ranius and Jansson 2002),
or else more modern solutions such as vacuum cleaning
(Bußler and Mu¨ller 2009) or air sampling from tree cavities
(Svensson et al. 2003), are very tedious and time-
consuming. The results of studies on the use of pheromones
are very encouraging and suggest a great usefulness of the
method for finding localities of rare species and for mon-
itoring studies in their wide sense (Svensson and Larsson
2008; Larsson and Svensson 2009; Forsmark 2012;
Svensson et al. 2012; Musa et al. 2013). An especially high
effectiveness of pheromone trapping compared to the
standard inventory methods (window/pitfall trapping) has
been demonstrated in the case of the red click beetle Elater
ferrugineus (Andersson et al. 2014).
In this study we used the pheromone-baited trapping
method, in order to determine on a wide spatial (country-
wide) and temporal scale to what extent its use could
improve the knowledge of the distribution of hardly
detectable species, such as Elater ferrugineus, thus
becoming an important tool to overcome the ‘‘Wallacean
shortfall’’. In parallel with this method used in the field
survey, we analysed all the available information on the
records of the species (historic and modern, published and
unpublished), which made it possible to estimate the effi-
ciency of the pheromone method.
Materials and methods
Study species
Elater ferrugineus is a European member of the click beetle
family (Elateridae). To date it was known from few and often
old records in the western and central parts of the continent
(Merzˇijevskis and Tamutis 2010; Barsˇevskis and Nitcis
2011). Its rarity was explained by its disappearing and thus
rare habitat (Svensson et al. 2012): internal mould of old
deciduous trees of various species, and hidden life style—
imagines are short-lasting and fly high which renders
observation difficult (Husler and Husler 1940; Allen 1966;
Gurjeva 1979; Alexander 2002; Ranius 2002;Svensson et al.
2004; Tolasch et al. 2007). The larvae of E. ferrugineus
spend several years in wood mould. During that time they
prey on larvae of other insects, especially scarabaeid beetles
(Schimmel 1982; Schimmel and Tarnawski 2010; Barsˇevs-
kis and Nitcis 2011; Andersson 2012).
This species is listed as Endangered in the British Red
Data Book (Shirt 1987), in Germany and Sweden, as
Vulnerable in Denmark and Poland (Pawłowski et al. 2002,
Buchholz and Ossowska 2004; Smolis and Bena 2007), and
as Critically Endangered in the Czech Republic (Va´vra
2005; Nieto and Alexander 2010).
Distribution data
The analysis included all the available data (both published
and unpublished) on the distribution of E. ferrugineus in
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Poland since 1840. The preliminary list of records was
compiled based on the Catalogue of the Fauna of Poland
(Burakowski et al. 1985); it was then supplemented with
records contained in 26 publications of 1985–2013. In the
case of some older contributions, the year of publication
was adopted as the date of the record because of the lack of
exact date of observation. In order to include unpublished
data, we examined the collections of the most important
museums in Poland (Museum and Institute of Zoology
PAS, Warsaw; Institute of Systematics and Evolution of
Animals, Krako´w; Natural History Museum, University of
Wrocław), and we also sent queries to an array of
coleopterists.
Field study
The field survey was carried out in 2011–2013, mainly in
south-western Poland (see Appendix 1 of supplementary
material). Along with the survey aimed at detection of E.
ferrugineus with the use of pheromones, we also analysed
the results of other, extensive surveys on saproxylic fauna
in which pheromones were used. To detect the occurrence
of the species we mainly used pheromone traps of window-
trap type. We used sex pheromones of both E. ferrugineus
(7-methyloctyl (Z)-4-decenoate [EP] (see in Svensson et al.
2004; Tolasch et al. 2007; Svensson et al. 2012) and of
Osmoderma ((R)-(?)-c-decalactone) [OP]; as the latter
pheromone is a kairomone for E. ferrugineus (Svensson
et al. 2004; Svensson and Larsson 2008; Barsˇevskis and
Nitcis 2011). In this paper we included results of 70 catches
in 63 sites where the species was recorded. In 44.3 % of the
catches both types of pheromones were used at the same
time, placed in separate traps; in the remaining cases only
one pheromone was used (see: Table 1). In seven sites
catches were conducted during two seasons, in the
remaining cases they were carried out only in 1 year.
The traps were installed from the end of June till half of
August in various regions of the country, when conducting
field studies. During the field work preparatory to this study
we conducted the catches till the first individuals of E.
ferrugineus were caught, but here we also included data
from other studies with the use of pheromone traps, in
which the catches were continued also after detecting the
species. For this reason the exposition time of the traps
varied widely among the sites, from 1 to 52 days (Table 1).
In 81.4 % of the catches we used only one trap (or one set
of traps EP and OP) per site, but sometimes the number
was greater (see: Table 1). The traps were controlled every
1–2 days, and the trapped beetles were released on site.
A list of all known localities of E. ferrugineus in Poland
is downloadable as an Electronic Supplementary Material.
Data analysis
The distribution map of the species was prepared in QGIS
software, ver. 2.4.0-Chugiak (QGIS Development Team
2014), based exclusively on records which contained at
least the name of towns or villages. We omitted the records
based on general mentions of the occurrence of the species
in a more extensive area. Localities were regarded as
separate when the distance between them was at least
500 m. To illustrate the increase in the knowledge of the
species’ distribution in the country, we drew a graph of
cumulative number of localities, using records since 1900
which contained information about at least the year of
observation. Subsequently, we compared the rate of
increase in the number of localities in three periods:
1900–1949, 1950–1999 and 2000–2013; for each period we
constructed a multiple regression model based on the
cumulative number of localities. The slope b of the
regression served as the indicator of the increase rate of the
knowledge of the species’ occurrence in the country. For
the period 2000–2013 separate regression models were
constructed for the records made using the pheromone
method and without using this method. The differences
between the slopes were tested with co-variance analysis
(ANCOVA). Additionally we assessed the effectiveness of
the pheromone traps based on the time of response of the
species to the pheromone used. The parameter for the
assessment was the day of pheromone exposition on which








Mean ± SD (min–max)
Exposition time/trap (in days)a
Mean ± SD (min–max)
EP 24 33 1.38 ± 0.88 (1–4) 5.61 ± 5.44 (1–19)
OP 15 37 2.47 ± 2.20 (1–8) 11.83 ± 12.67 (1–28)
OP ? EPb 31 37 1.19 ± 0.75 (1–4) 5.78 ± 10.40 (1–52)
All traps 70 107 1.53 ± 1.32 (1–8) 7.78 ± 10.39 (1–52)
EP window trap baited with 7-methyloctyl (Z)-4-decenoate, OP window trap baited with (R)-(?)-c-decalactone
a Statistics calculated for 106 traps with known exposition time
b Set of two types of pheromone baited traps (EP and OP) is treated in the statistics as a single trap
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the species was caught for the first time, while the day of
placing the trap in the site was adopted as day one. The
Kruskal–Wallis test was applied to test the statistical dif-
ferences between the effectiveness of trapping methods
used. Statistical analyses and graphs were performed using
R statistical package, version 3.2.1 (R Core Team 2014).
Results
The existing data included 193 records from 123 localities
in the country. Most of them (104) were unpublished field
observations. 68 records came from publications; the
remaining 17 were based on museum materials. Until
recently the species was very rarely recorded in Poland
(Fig. 1). Until 2010 the number of records usually did not
exceed ten per decade (mean: 5.9 records per decade). The
small increase in their number in 1870–1889 was associ-
ated with Letzner’s (1871, 1889) publications. The greater
number of observations from 1950–1959 to 1980–1989
(Fig. 1) resulted from the studies of Dr. B. Burakowski in
Warsaw and its environs and of Dr. L. Buchholz in the
Wielkopolsko-Kujawska Lowland, respectively. After
2000, faunistic studies gained in intensity and brought
about another increase in the number of records of E.
ferrugineus from nearly the whole of the country (Fig. 2).
However, the greatest increase dated from 2011 to 2013,
when the species was recorded as many as 105 times which
was 54.4 % of all the existing records from Poland. The
significant increase was the result of introduction of the
new method of detection of the species, that is the use of
pheromone traps. The proportion of records of E.
ferrugineus made during those 3 years with the use of this
method was 93 %.
Overall we recorded 383 capture events of E. ferrugin-
eus with the use pheromone traps during 2011–2013. In
more than half of the catches of the species (59.4 %) has
been recorded as early as the first day of catching (day of
trap suspension). Despite some visible differences in mean
days of the first capture event (Table 2), the Kruskal–
Wallis test revealed no statistically significant differences
in response time of species to pheromone-baited traps
between capture methods used (H2,69 = 2.074,
P = 0.355). Also taking into account only the catches with
one pheromone-baited trap or a one set of EP and OP used
(to eliminate the impact of differences in trapping area),
there were no significant differences (H2,56 = 0.399,
P = 0.819).
The increased number of records was reflected in the
increase in the number of localities, as illustrated by the
cumulative curve of the number of localities of 1900–2013
(Fig. 3). In the first half of the twentieth century. The
increase in the number of localities was small, of only 1.6
locality/10 years. During the next 50 years (1950–1999)
the value increased twofold (ANCOVA, F1,96 = 85.21,
P = 6.68e-15, Fig. 4). In the later period (2000–2013) the
rate of locality detection accelerated to reach the mean
value of 57.1 localities per decade (ANCOVA, 1900–1949:
F1,60 = 99.87, P = 2.19e-14; 1950–1999: F1,60 = 93.83,
P = 7.03e-14). The result is mainly the effect of the situ-
ation of 2011–2013, when on average 22.3 localities were
detected per year. When the localities detected with the use
of pheromones were not included, the increase rate was
distinctly smaller: for the whole period 2000–2013 the
Fig. 1 The number of the records of Elater ferrugineus in Poland in consecutive years between 1840 and 2013 (N = 193). Period shorter than a
decade marked with asterisk
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mean rate was 12.9 localities/10 years (ANCOVA,
F1,24 = 10.85, P = 0.00305). Nevertheless, it was still
distinctly higher than that observed in 1900–1949 and
1950–1999 (ANCOVA: F1,60 = 464.4, P \ 2e-16;
F1,60 = 205.9, P \ 2e-16, respectively, Fig. 4).
Conclusions and implications for conservation
The increase in the number of records of E. ferrugineus in
2000–2009 is most probably associated with Poland joining
the EU and the resulting increased interest in species which
are of importance for the Union (Gutowski and Przewoz´ny
2013), especially Osmoderma eremita s. lato. Because of
the co-occurrence of the two species in the same habitats,
surveying O. eremita made it possible to detect also E.
ferrugineus. This was confirmed by the significant increase
(compared to the preceding periods) in the number of new
localities of E. ferrugineus in 2007, when also many new
areas inhabited by O. eremita were discovered, mainly
because of the inventory of species listed in the Annexes of
the Habitat Directive, carried out in Polish State Forests
(Oleksa 2009).
Considering the earlier knowledge of the occurrence of
the species, it can be seen that the localities discovered
after 2011 were mostly situated within areas of the species’
known distribution. This means that the increased number
of records is associated with the improved detectability of
the species due to the use of the pheromone method, and
not with an increase in the country’s population of Elater
ferrugineus. It can thus be suspected that the previous
assessments of the population of E. ferrugineus were
grossly underestimated, and the species is much more
common in Poland than formerly believed; it may have
Fig. 2 Map of the cumulative
number of localities of Elater
ferrugineus in Poland in
1840–2013. Solid circles—
locations discovered in the years
shows on maps, grey circles—
locations discovered in the
earlier periods
Table 2 Summary of trap efficiency by response time of the Elater
ferrugineus for three capture methods. For abbreviations, see Table 1
Day with first capture event for
Type of trap All catches (N = 69)
Mean ± SD (min–max)
Catches with one trap
(N = 56) Mean ± SD
(min–max)
EP 2.58 ± 2.78 (1–13) 2.95 ± 3.03 (1–13)
OP 1.86 ± 1.66 (1–6) 2.50 ± 2.00 (1–6)
OP ? EP 3.29 ± 3.04 (1–10) 3.45 ± 3.08 (1–10)
All traps 2.75 ± 2.74 (1–13) 3.14 ± 2.91 (1–13)
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been overlooked during field surveys because of its low
detectability. This is confirmed by its new records in south-
western Poland. Many of the new localities coincide with
places of historic records of the nineteenth and early
twentieth century (Fig. 2), which till recently were the only
ones in that part of the country (Smolis and Bena 2007).
This reflects the low detectability of the species with
conventional methods and the probable continuity of local
populations which has hitherto gone undetected.
The main advantage of the use of pheromones is the
non-invasive character of the method. Exploration of wood
mould, and thus disturbance of this sensitive system, can be
avoided; the method reduces both the time required for the
survey and the cost. The method can be used by non-
specialists with basic training—installing traps and identi-
fying imagines do not present a problem. A disadvantage,
compared to the traditional methods of collecting E. ferru-
gineus, is the impossibility to obtain information on the
location of the wood mould from which the beetles come.
This, however, is not important in surveys aimed at
selection of forest patches with a rich insect fauna and
continuously functioning ecosystem.
The use of pheromones which attract imagines elimi-
nates the need to engage a specialist who would be indis-
pensable to identify larvae or pupae. The advantages of
using pheromones for E. ferrugineus open new perspec-
tives for scientists and create an array of research possi-
bilities (not feasible before the discovery of the pheromone
Fig. 3 Increase in the
cumulative number of localities
of Elater ferrugineus in
1900–2013 (N = 108
localities), without and with the
use of pheromone-baited traps
Fig. 4 Multiple regression
models for three periods. The
period after 2000 was divided in
terms of the use of pheromone-
bait traps. Regressions:
1900–1949, y = 0.176x -
0.437 (R2 = 0.94); 1950–1999,
y = 0.293x ? 0.575
(R2 = 0.94); 2000–2013,
without pheromone,
y = 1.484x - 3.055
(R2 = 0.94); 2000–2013, with
pheromone, y = 5.026x -
19.626 (R2 = 0.65). All
regressions are significant at
P \ 0.001
30 J Insect Conserv (2015) 19:25–32
123
because of the small detectability). The use of pheromone
traps makes the study of local populations in relation to
their biology, ecology or genetics (phenology of the spe-
cies, habitat preferences, dispersal potential, populations
genetics, degree of isolation etc.) possible. A short-term
use of the pheromone (here and now) guarantees catching
only individuals from the nearest vicinity (and thus local
population).
As shown by our results, no doubt the use of pheromones
(both sex pheromones and methods based on the principle of
kairomone response) is one of the most effective, simplest
and least cheaply methods of overcoming the ‘‘Wallacean
shortfall’’. Further studies on the possibility to use similar
solutions (effective inventory methods) for other species,
equally difficult to detect, are necessary.
The results of our study indicate that depending on
which scientific method is used, it can significantly
improve overcoming ‘‘Wallacean shortfall’’, next to other
solutions proposed by Cardoso et al. (2011a). Using pher-
omones is worth considering, as one of the most effective,
simplest and least cheaply (regarding to the total cost in
economical meaning but also time-consuming) method for
E. ferrugineus. The same method could be used to research
other little known species and equally difficult to detect
(e.g. Limoniscus violaceus or Buprestis splendens).
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